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• -1-It j s Hell known tl1at special optical pumping techniques can be applied in magnetic resonance to provide a detecti.on sensitivity for as few as 10 4 spins depending upon the details of the radiative processes being monitored. Although optical detection of spin resonance in excited _states has developed as a direct outgrowth of the original experiments of vlhat would be particularly useful l-70uld be a technique utilizing the fluorescence or phosphorescence from these excited states to optically detect indirectly other spins in nonradiative excited states or in ground states or even to optically detect other 4 6 phenomena associated \·lith solids such as their acoustic properties, ' energy transfer properties, electron and nuclear spin diffusion.
In developing such techniques, one can take advantage of the spin distributions in many of these spin systems. This is particularly true for triplet states in zero field vlhere optical excitation into the singlet manifold follmved by selective intersystem crossing into the individual zero field triplet spin sublevels results in a highly spin aligned ensemble. 7
A prerequisite for utilizing changes in the spin alignment of the excited states to optically detect other radiative or nonradiative processes, is that the effective T 2 associated with the ens~nble of excited triplet state p osp or esc cnce J.ntematy. To surpass this limitation and observe phasing or dephasing phenomena optically, such as electron spin echoes 11 ·which ·occur in the x,y-plane, an n:dditional TT/2 pulse is applied at various times at the end of a normal pulse experiment in order to restore population to 12 the z-axis and observe the resulting change in phosphorescence intensity.
It is expected therefore that if the unpaired electrons in excited phosphorescent triplet state can be spin locked, that the spin locking and loss of spin alignment in the rotating frame can be optically detected in the following \ilay. A TT/2 microwave pulse applied along x at the frequency of one of the zero field transitions tilts the "magnetization" into the x,y-plane.
Immediately after, the Jl 1 field is phased shifted 90° locking the spins along y and preventing the free induction decay. With the "magnetization" I 51
Nx and NY are the initial spin sublevel populations while kx and ky are the total depletive rates for the T and T spin sublevels respectively. X y For the present case, the 3 1m* of d 2 -tetrachlorobenzene, it has been shown 13 , 15 that emission to the electronic origin occurs principally
During spin locking the magnetization along x can decay to zero with a characteristic time T 1 p which is related to the radiative and radiationless decay channels in addition to the spin lattice relaxation rate in the rotating frame. Defining the latter as an ~1 dependent quantity, k 1 p(~1 ),
we note that:
~-or 'd> 2 -tetrachlorohPnzene. The decay of the spin alignment during spin locking is simply given by the loss of }-~ in the interaction representation, i. c.,
Hence T 1 p can be measured by restoring Mx to Mz at the end of spin locking by the application of additional TT/2 pulse. This causes a change, , AI (Cf Figure 2) , in the phosphorescence intensity which corresponds to the amount of population carried to the -z axis in the rotating frame.
It is expected therefore that a plot of AI versus the spin locking time T yields T 1 p. After this final rr/2 pulse the phosphorescence intensity will decay with a time constant characteristic of the individual levels which for tetrachlorobenzene is restricted to T • This is illustrated in Figure 2 
echoes associated with the zero field n ... IEI transition at 3608.6 ± 1 MHz. In the echo train, the amplitudes decay exponentially in the rotating frame, p, with a decay constant T 2 p which can be a sensitive function of T. In our measurements in the above excited state, T 2 p was found to be -600 ~seconds for a T = 1 ~second.
T found for this compound from a plot of the optically detected .I 
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